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(54) PRODUCTION OF INORGANIC OXIDE PARTICLE 

(57)Abstract: 

PURPOSE; To produce inorganic oxide particles having controlled particle diameter by 
hydrolyzing an organometallic compound while controlling the electrical conductivity of a 
reaction liquid composed of a hydrolysis catalyst, water, an electrolyte and a solvent at the 
start of the reaction. 

CONSTITUTION: A solvent such as methanol is incorporated with a hydrolysis catalyst such 
as ammonia water in an amount to get a water-content of 0.1-30wt.% and a catalyst content 
of 1-10wt.% based on the hydrolyzing object. An electrolyte substance such as NaOH is 
added to the obtained mixture at a liquid temperature of 0-60°C to adjust the electrical 
conductivity to 0-10ms/cm at the start of the reaction. A methanol solution of a hydrolyzable 
organometallic compound expressed by the formula M(OR)m or MRn(OR)k-n [(m) is 1-4; (k) 
is 1-4; n<k; R is alkyl; M is metallic element such as Na, K, Ca, Al, Ti or Zr] is dropped to the 
above product to synthesize inorganic oxide particles such as Si02 particles. The particles 
are separated by filtration, washed and dried to obtain inorganic oxide particles having particle 
diameter of 0.1-10^171. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows t h e worc j which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of the inorganic-oxide particle characterized by controlling a particle 
diameter by controlling the electrical conductivity at the time of the reaction start of reaction mixture in 
case the organometallic compound which can be hydrolyzed in the reaction mixture which consists of a 
hydrolysis catalyst, water, electrolyte matter, and a solvent is understood an added water part and an 
inorganic-oxide particle is manufactured. 

[Claim 2] The manufacture method of the silica particle characterized by controlling a particle diameter 
by controlling the electrical conductivity at the time of the reaction start of reaction mixture in case 
alkoxysilane is understood an added water part in ammonia, water, the electrolyte matter, and the 
reaction mixture that consists of alcohol and a silica particle is manufactured. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the control method of the particle diameter in 
manufacture of an inorganic-oxide particle in detail about the manufacturing method of an inorganic- 
oxide particle. 
[0002] 

[Description of the Prior Art] The following methods are learned from before as the control method of 
an inorganic-oxide particle, for example, a silica particle diameter. 

[0003] For example, the method (JP,63-310714,A) of maintaining uniformly the method (JP,63- 
1 1241 1, A) of controlling a particle diameter or water, and ammonia concentration, and controlling a 
particle diameter etc. is learned by compounding a silica kind particle beforehand and growing up the 
silica kind particle. However, by these methods, there was a trouble that repeatability was intricately [ a 
manufacturing process / simultaneously ] bad. 

[0004] How (JP,3- 15991 1,A) to, change the hydrochloric-acid concentration and reaction temperature 
which are used by the adding-water decomposition reaction on the other hand, and control a particle 
diameter is also learned. However, by this method, after reaction time tends to start for a long time and 
finishing a reaction for a short time, a silica particle cannot condense, it cannot become massive and the 
uniform silica particle of mono dispersion nature cannot be obtained. 
[0005] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the manufacture 
method of manufacturing the inorganic-oxide particle of arbitrary particle diameters with sufficient 
control stablv. 
[0006] 

[Means for Solving the Problem] this invention person etc. solved the problem which the above- 
mentioned Prior art has, and has inquired wholeheartedly about the method that the inorganic-oxide 
particle of arbitrary particle diameters can be stably manufactured with sufficient control. Consequently, 
by controlling the electrical conductivity at the time of the reaction start of adding-water decomposition- 
reaction liquid, it finds out that a particle diameter is controllable and came to complete this invention. 
[0007] Namely, in case this invention understands the organometallic compound which can be 
hydrolyzed in the reaction mixture which consists of a hydrolysis catalyst, water, electrolyte matter, and 
a solvent an added water part and manufactures an inorganic-oxide particle It is the manufacture method 
of the inorganic-oxide particle characterized by controlling a particle diameter by controlling the 
electrical conductivity at the time of the reaction start of reaction mixture, moreover, other invention In 
case alkoxysilane is understood an added water part in ammonia, water, the electrolyte matter, and the 
reaction mixture that consists of alcohol and a silica particle is manufactured It is the manufacture 
method of the silica particle characterized by controlling a particle diameter by controlling the electrical 
conductivity at the time of the reaction start of reaction mixture (henceforth conductivity at the time of a 
start). 
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[0008] Hereafter, the manufacture method of the inorganic-oxide particle which can control the 
inorganic-oxide particle diameter of this invention is explained concretely. 

[0009] Manufacture of the inorganic-oxide particle of this invention is performed by understanding the 
organometallic compound (henceforth an organometallic compound) which can be hydrolyzed in the 
reaction mixture which consists of a solvent, a hydrolysis catalyst, water, and electrolyte matter an 
added water part. 

[0010] Usually, although the particle diameter of an inorganic-oxide particle is controlled by the method 
of changing the amount of organometallic compounds used for a reaction, it can control a particle 
diameter by conductivity by the method of this invention at the time of the start of reaction mixture. 
That is, control of a particle diameter is easily possible, without changing time starting a reaction. 
[001 1] In this invention, a particle diameter observes an inorganic-oxide particle with a scanning 
electron microscope, measures the diameter of the longitudinal direction of a particle, and means what 
computed the diameter of the average. 

[0012] It defines as the inverse number of the electric resistance of reaction mixture, and the electrical 
conductivity of this invention is a unit. It is expressed with S/cm (=l-/ohm). Although the electric 
resistance of a solution cannot generally be said since the change rate of electric resistance changes with 
dissolved chemical species, it changes w ith the amounts of the dissolved ion. Moreover, electrical 
conductivity changes also depending on the ion concentration in reaction mixture, composition of 
reaction mixture, and the degree of reaction liquid temperature. 

[0013] In addition, what is necessary is just to measure it by the conductivity meter (for example, Toa 
Electronics CM- 1 1 P) of marketing which consists of a platinum electrode, a hoe chair ton bridge, etc., 
although measurement of electrical conductivity may use what method. 

[0014] Conductivity means the electrical conductivity of the reaction mixture when reaching the 
reaction temperature which prepared the reaction mixture which consists of a solvent, a hydrolysis 
catalyst, water, and electrolyte matter, and was chosen suitably at the time of the start in this invention. 
[0015] Although control of conductivity may be performed using which component in reaction mixture 
at the time of this start, it is little, and since the electrolyte matter w hich may change electrical 
conductivity a lot does not break down composition of reaction mixture greatly, it is used preferably. 
That is, maintaining beforehand a solvent, a hydrolysis catalyst, and the mixed liquor of water at 
reaction temperature, and measuring electrical conductivity, the method of adding the electrolyte matter 
until it reaches the purpose electrical conductivity is suitable, and simple. 

[0016] Although an inorganic-oxide particle diameter is determined by conductivity at the time of the 
start of reaction mixture, when it changes with synthetic conditions, such as a reaction container to be 
used, reaction capacity, and addition speed of organometallic compounds, for a certain reason, it is 
desirable to search for the calibration curve of conductivity and an inorganic-oxide particle diameter 
beforehand on the synthetic predetermined conditions to be used at the time of a start, if this calibration 
curve is used — the time of the start of reaction mixture - conductivity - an inorganic-oxide particle 
diameter — further — precision - good — and repeatability — it is controllable to arbitrary high particle 
size 

[0017] if the organometallic compound which is a reaction raw material can be dissolved as a solvent 
used by this invention and it can mix with water uniformly at a fixed rate, although it will not be 
restricted especially -- general - easy -- alcohol, such as an available methanol, ethanol. iso-propanol. 
and ethylene glycol, --**-- it is used suitably Moreover, you may mix and use two or more sorts of 
solvents. 

[001 8] A hydrolysis catalyst and water are used in this invention. These may use the solution which was 
single, and could use and mixed both beforehand, respectively. Although it cannot change with the 
organometallic compound to be used, kinds of solvent, etc. and cannot generally be limited, the content 
of the water in reaction mixture is suitable if it generally chooses out of 0.1 - 30% of the weight of the 
range. Although the content of a hydrolysis catalyst cannot change with the organometallic compound to 
be used, kinds of solvent, etc., either and cannot generally be limited, it is desirable to make it 1 - 10% 
of the weight of the range. When lower than each range which the concentration of the water in reaction 
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mixture and a hydrolysis catalyst described above, growth of a particle diameter becomes slow and the 
inorganic-oxide particle of a uniform particle diameter is not obtained. Moreover, although growth of a 
particle diameter becomes early in being higher than the above-mentioned range, the inorganic-oxide 
particle of a uniform particle diameter is not obtained. 

[0019] What is necessary is just to determine according to the kind of inorganic-oxide particle made into 
the purpose, although a well-known base or an acidolysis catalyst can be used as the above-mentioned 
hydrolysis catalyst. 

[0020] When inorganic-oxide particles are a silica, a zirconia, titanias, or these multiple oxides, base 
hydrolysis catalysts, such as amides, such as amines; dimethylformamides, such as ammonia; 
propylamine and an aniline, and an acetamide, are used. An inorganic-oxide particle is a multiple-oxide 
particle containing an alumina or an alumina, and when the grain child using a base hydrolysis catalyst 
does not generate but a gel object generates, acidolysis catalysts, such as organic acids, such as mineral 
acids, such as a sulfuric acid and a hydrochloric acid, and an acetic acid, a citric acid, are used. 
[0021] Next, it will not be restricted, especially if it is meltable to the above-mentioned solvent and the 
reaction mixture containing water as electrolyte matter used by this invention, and it is a solvent, a 
hydrolysis catalyst, water, and the matter that does not react mutually and it is the matter which carries 
out ionic dissociation in this reaction mixture further. As typical matter, organic salts, such as mineral, 
such as a sodium hydroxide, a calcium hydroxide, a sodium chloride, an ammonium chloride, and a 
sodium nitrate, a sodium glutamate, and sodium aspartate, etc. can be mentioned. Two or more sorts 
may use this electrolyte matter, mixing. 

[0022] The content of the electrolyte matter is determined by the value of the electrical conductivity 
which should be set up, an organometallic compound, the kind of solvent, etc. Generally, it is used so 
that the electrical conductivity at the time of the reaction start of reaction mixture may serve as 0 - 10 
mS/cm's. In being higher than the range which the electrical conductivity at the time of the reaction start 
of reaction mixture described above, since condensation of a particle becomes easy to take place, it is in 
the inclination which the inorganic-oxide particle of a uniform particle diameter cannot acquire easily. 
[0023] Typically as an organometallic compound which is used for this invention and which can be 
hydrolyzed, it is general formula M(OR) m. [m=l-4] 
MRn(OR) k-n [Integer smaller than k=l-4 and n=k] 

The low condensate which comes out, understands partially the metal alkoxide expressed or these metal 
alkoxide an added water part, and is obtained is mentioned. In the above-mentioned general formula M 
shows metallic elements, such as Na. K, calcium, aluminum. Si, Ti, and Zr, and R shows alkyl groups, 
such as an ethyl group and a butyl. 

[0024] When the organometallic compound which can be hydrolyzed is illustrated concretely, a 
tetramethoxy silane, A tetrapod ethoxy silane, tetrapod propoxysilane, tetrapod butoxysilane, 
Alkoxysilane, such as a tetrapod phenoxy silane and phenyl triethoxysilane; A sodium METOKI side. 
Sodium alkoxides, such as sodium ethoxide; Trinor mull butoxy aluminum. Aluminum alkoxides, such 
as triisopropoxy aluminum; Tetrapod isopropoxy titanium. Titanium NIUMU alkoxides, such as 
tetrapod normal butoxy titanium; zirconium alkoxides, such as a tetrapod isopropoxy zirconium and 
tetra-N-butoxyzirconium, etc. are mentioned. 

[0025] these organometallic compounds are independent - or two or more sorts may be mixed, you may 
use, and, in the case of the latter, a compound inorganic oxide generates 

[0026] In addition, since a particle diameter changes also with the reaction conditions of others, such as 

a reacting weight of an organometallic compound, like the above-mentioned, when carrying out this 

invention, it is necessary to fix conditions other than conductivity at the time of a start. 

[0027] Although especially the adding- water decomposition-reaction conditions of this invention are not 

limited, it is made to react at 0-60 degrees C under atmospheric pressure eenerallw 

[0028] 

[Effect of the Invention] In case the inorganic-oxide particle of this invention is manufactured, bv 
controlling the electrical conductivity at the time of the reaction start of reaction mixture, the inorganic- 
oxide particle of arbitrary particle diameters can be especially manufactured with sufficient repeatabilitv 
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stablv in 0.1-10 micrometers. 
[0029] 

[Example] Although the example which shows this invention below explains concretely, this invention 
is not limited at all by these examples. 

[0030] Methanol 1600ml and 356ml (25 % of the weight) of aqueous ammonia w ere added into the 
glass flask with example 1 agitator, the reaction liquid temperature was kept at 10 degrees C and the 
electrical conductivity of reaction mixture was doubled with 2.15 S/cm [ sodium-hydroxide (mol 15 11 
(1.) /) small quantity every ]. **** addition of the 163ml (22 % of the weight) of the methanol solutions 
of a tetrapod ethoxy silane ( the tradename ethyl silicate 28, COL coat chemistry company make) was 
carried out byml [ 25 //h / in speed ] at this reaction mixture, and the silica particle was compounded. 
Silica particles were collected from reaction mixture by centrifugal separation or natural sedimentation, 
and washed by centrifugal separation or the decantation using a lot of solvents. 
[0031] The particle diameter of the obtained silica particle was 1 .50 micrometers as a result of 
observation with a scanning electron microscope. Repeat composition repeatability was seen for this 
reaction 3 times. The result was shown in Table 1 . 
[0032] 
[Table 1] 

[x] ID=000002 



[0033] In example of comparison 1 example 1, the synthetic result of the silica particle at the time of not 
performing control with electrical conductivity at the time of the reaction start of reaction mixture was 
shown in the example 1 of comparison. It carried out like the example 1 except [ all ] having set the 
addition of the electrolvte matter to 67mmol(s). A result is show n in Table 2. 
[0034] 
[Table 2] 

[7| ID=000003 



[0035] In two to example 4 example 1. it carried out like the example 1 except [ all ] having made it 
conductivity at the time of the start which changes the addition of a sodium hydroxide and is shown in 
Table 3. A result is combined and is shown in Table 3. It turns out that there is a straight-line relation to 
conductivity and a particle diameter mostly after this at the time of a start. 
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[0036] 
[Table 3] 

g ID=000004 



[0037] In five to example 9 example K it carried out like the example 1 except [ all ] having used the 
electrolyte matter which changes into a sodium hydroxide and is shown in Table 4. A result is combined 
and is shown in Table 4. 
[0038] 
[Table 4] 

[x] ID=000005 



[0039] In ten to example 13 example 1, it carried out like the example 1 except [ all ] having changed 
into the tetrapod ethoxy silane and having changed conductivity at the time of a start, using 
TORIETOKISHI phenylsilane. A result is shown in Table 5. A straight-line relation is mostly accepted 
in conductivity and a particle diameter at the time of a start. 
[0040] 
[Table 5] 
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[0041] Methanol 1600ml and 356ml (25 % of the weight) of aqueous ammonia were added into the 
example 14 - the glass flask with 16 agitators, the reaction liquid temperature was kept at 20 degrees C, 
and the electrical conductivity of reaction mixture was doubled with the predetermined value [ sodium- 
hydroxide (5 mol/1) small quantity every ]. The hydrochloric acid was beforehand added to this reaction 
mixture 0.1%, **** addition of 163ml (18 % of the weight) of methanol solutions of the tetrapod ethoxy 
silane (the tradename ethyl silicate 28, COL coat chemistry company make) which carried out 
preliminary hydrolysis at the room temperature for 2 hours, and the 72ml (9 % of the weight ) of the 
methanol solutions of tetra-n-butoxytitanium (Nippon Soda Co., Ltd. make) was simultaneously carried 
out at the rate of 25 ml/h, respectively, and the silica-titania particle was compounded. Silica-titania 
particles were collected from reaction mixture by centrifugal separation or natural sedimentation, and 
washed by centrifugal separation or the decantation using a lot of solvents. 

[0042] The result at the time of changing electrical conductivity at the time of the reaction start of 
reaction mixture is shown in Table 6. It turns out that there is a straight-line relation to conductivity and 
a particle diameter mostly after this at the time of a start. 
[0043] 
[Table 6] 

[x] ID=000007 
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